This study aimed to assess the acute effects of Peppermint and Chamomile herbal teas on cognitive performance and mood in healthy young adults. A single factor independent groups design was employed. One hundred and eighty undergraduate students volunteered to take part in the study for which they received course credit. Participants were randomly allocated to one of three treatments: Peppermint tea, Chamomile tea or hot water (Control). Mood scales were completed and participants then consumed their drink over a ten minute period and rested for twenty minutes. Cognitive performance was assessed using a tailored version of The Cognitive Drug Research (CDR) computerised assessment system. Post testing mood scales were then completed. Data were analysed using independent groups ANOVAs followed by Tukey post hoc comparisons. The analysis revealed that Peppermint tea significantly improved long term memory and speed of memory compared to both Chamomile and control treatments. Chamomile tea significantly slowed speed of attention and impaired working memory compared to the Peppermint treatment. Peppermint tea significantly increased subjective alertness compared to the Chamomile and control conditions. Chamomile significantly increased subjective calmness compared to the Peppermint treatment. The data show that acute consumption of Peppermint and Chamomile teas can impact on cognition and mood in healthy adults in contrasting directions. The enhancing and arousing effects of Peppermint and calming/sedative effects of Chamomile observed are in keeping with the purported properties of these herbs and suggest beneficial effects can be drawn from their use.
Introduction
Herbal based preparations have been used in promotion of health and the treatment of disease for as long as written records exist (Vickers and Zollman, 1999) and their popularity continues unabated by the development of modern pharmaceutical science and medicine (Bent and Ko, 2004) . Worldwide, it is estimated that as much as 65% of the population rely on such traditional preparations as the first point of treatment (Ernst, 2000) . Two herbs that represent a significant share of the market for herbal infusions in Europe are Peppermint (Mentha piperita) and German chamomile (Matricaria recutita). Peppermint has a long standing reputation as a therapeutic intervention for irritable bowel syndrome, nausea and tuberculosis and recent research offers some support to the received wisdom of ages.
A systematic review concluded that peppermint treatment offered significant benefit compared to placebo for the treatment of irritable bowel syndrome (Ford et al., 2008) with effect sizes comparable to conventional treatments. Postoperative nausea has been demonstrated to be reduced and associated analgesia enhanced in a placebo controlled study (Tate, 1997) , and tuberculosis inflammation has been shown to be reduced by the inhalation of peppermint aroma in a manner consistent with reduced recurrence and seriousness of the decay cavities (Shkurupiĭ et al., 2006) . The essential oil of Peppermint includes a number of potentially active volatile compounds including menthol which has been identified as exerting its antiemetic effect via the serotonin receptor ion-channel complex (Heimes et al., 2011) .
Peppermint also increases ambulatory activity in animal models, indicating the ability to be arousing; an effect potentially mediated by dopamine pathways (Umezu and Morita, 2003) . Furthermore, Jasira et al. (2013) reported enhanced memory in rats assessed using T-maze and radial arm maze tasks following oral administration of peppermint oil, effects they put down to increased brain perfusion. In the arena of human behaviour, oral administered peppermint has been demonstrated to improve exercise performance (Meamarbashi and Rajabi, 2013b) . The authors suggest that increased neural oxygenation as a consequence of enhanced ventilation through the relaxation of bronchial smooth muscles, and a reduction in plasma lactate levels are the most likely explanations of this enhancement.
The impact of Peppermint on psychological variables has largely been approached from an aroma perspective where it has been shown to alleviate pain and reduce depression in arthritis patients (Kim et al., 2005) , whilst studies involving healthy participants have demonstrated the potential for enhancement effects. In a study of prolonged simulated driving peppermint aroma inhalation produced increased ratings of alertness, decreased ratings of task demands, anxiety and fatigue, and lessened frustration over the driving simulation procedure (Raudenbush et al., 2009 ). An investigation into the possible effects of aromas on cognition in healthy young adults revealed that Peppermint improved subjective alertness and enhanced memory (Moss et al., 2008) , an effect that may be a consequence of the inhibition of acetylcholinesterase (Kulišić-Bilušić et al., 2008) .
The Chamomile plant is to be found across much of Europe and Western Asia, and its flowers have been used to prepare teas, produce tablets, or applied as oils to promote relaxation and induce sleep for hundreds of years (Mills and Bone, 2000; Sánchez-Ortuño et al., 2009) . In a study of healthy adults reporting no sleep problems those receiving chamomile jelly reported higher ratings of relaxation, lower sleep onset latency, night-time wakefulness, and increased morning sleepiness compared to placebo (Kakuta et al., 2007) . Although the neural mechanism is at this time unclear, studies suggest that the sedative effects result from modulation of y-aminobutryic acid (GABA) receptors (Viola et al., 1995) . Chamomile tea has also been commonly employed in the treatment of digestive problems, diabetes and osteoporosis (Srivastava et al., 2010) , and for the promotion of health by boosting the immune system (Wang et al., 2005) and reducing blood pressure (Zeggwagh et al., 2009) , although further studies are required to firmly establish the validity of these latter effects. Psychologically, Chamomile has been used for the treatment of generalised anxiety disorder (Amsterdam et al., 2009) , and via aromatherapy massage for the treatment of agitation and behavioural disturbances in dementia, with somewhat mixed effects (Burleigh and Armstrong, 1997) . Exposure to the ambient aroma of chamomile essential oil has been shown to impair memory and increase calmness in young adults (Moss et al., 2006) , in a study that interestingly also indicated that the impact of the aroma could be changed by manipulating participants' expectancies.
The current study aimed to extend our knowledge regarding herbal infusions by assessing the potential for acute ingestion of Peppermint and Chamomile teas to affect cognition and mood in healthy young adults. Reputation and previous literature cited above suggest that these two herbs will have opposite effects on both areas. Peppermint might be expected to increase alertness and positively influence memory, whereas Chamomile might increase calmness and impair memory. The extent to which any effects observed for mood and cognition correlate will help inform the debate around the mechanisms underpinning the cognitive effects of herbs and aromas previously reported.
Methods

Design
A one factor independent groups design was employed.
The independent variable was condition and had three levels, Chamomile tea, Peppermint tea or hot water (control).
The dependent variables were the scores from the CDR computerised cognitive assessment system and self-reported mood.
Participants
One hundred and eighty undergraduate students participated in the study for course credit. Participants were randomly assigned to experimental condition using a list of random numbers. The control condition was made up of 
Cognitive Measures
A tailored version of the Cognitive Drug Research (CDR) computerised assessment system was employed to evaluate cognitive performance. The CDR system includes a number of measures that are specific to particular aspects of attention, working memory and long term memory and has been shown to be sensitive to the effects of herbal extracts (Kennedy et al., 2000 (Kennedy et al., , 2001 Scholey et al., 2008) and the aromas of essential oils (Moss et al., 2003 (Moss et al., , 2008 . Stimuli are presented on a colour monitor, and (with the exception of word recall) responses are made using a simple response module containing two buttons labelled 'Yes' and 'No' respectively. A suite of programmes controls all aspects of testing, including selection of appropriate sets of stimuli for presentation and recording all responses.
The tests employed in this study were presented in the following order: Word presentation. A series of 15 words is presented sequentially for one second each with an inter-stimulus interval of one second. The words are a mix of one two and three syllables. Immediate Word Recall. The computer display counts down sixty seconds during which time participants write down as many of the words from the list as possible. Recall is scored for number of correct words, and errors (words not presented in the list).
Picture Presentation. Twenty photographs are presented, with a stimulus duration of 2 seconds each, and inter stimuli interval of 1 second. Simple Reaction Time. The word Yes is presented in the centre of the screen. The participant has to press the Yes button as quickly as possible. There are 50 trials and the intertrial interval varies randomly between 1 and 2.5 seconds. The reaction time is recorded in msec. Digit Vigilance. A number is displayed constantly to the right of the screen. A series of 240 digits is presented one at a time in the centre at a rate of 80 per minute; 45 match the constantly displayed digit. The participant has to press the Yes button as quickly as possible every time the digit in the centre matches the one constantly displayed. 'Pencil and Paper' Visual Analogue Scales, assessing subjective levels of alertness, calmness and contentedness, were presented prior to and following the computerised tests. Participants are required to indicate their current state by marking a line drawn between two bipolar adjectives. Subjective ratings of pleasantness and strength of ambient aroma were recorded for all participants at the end of the testing session. The entire battery took approximately twenty-five minutes to administer.
Primary cognitive outcome measures
The CDR system has a strong factor structure that has been demonstrated in both healthy and diseased populations (Wesnes et al., 2000 (Wesnes et al., , 2002 . The individual test scores from the battery load strongly onto four global outcome factors (Quality of memory; Speed of attention; Accuracy of attention; Speed of memory) and two sub-factors (Working memory; Secondary memory). These factors being derived through principle components analysis combined with varimax rotation.
The contribution of individual task measures to each of these factors and sub factors is illustrated schematically in Fig. 1 . Wesnes et al., (2000) give the following description: Quality of memory reflects participants' ability to hold and recall information from working and long term episodic memory. Speed of attention reflects the ability to focus on a particular task for a short period to the exclusion of other tasks. Accuracy of attention reflects the ability to sustain attention over the longer term. Speed of memory reflects the speed with which participants are able to identify whether or not something is held in memory. The Working memory sub factor reflects the capability of holding information temporarily in the articulatory loop and the visual-spatial sketchpad. The Secondary memory sub factor reflects the ability to hold and retrieve information from secondary memory.
These factors have been previously utilised as primary outcome measures employing a range of participant populations and for a variety of pharmacological and herbal interventions e.g. (Kennedy et al., 2000 (Kennedy et al., , 2001 Wesnes et al., 1999; Moss et al., 2003 Moss et al., , 2006 . 
Subjective Mood Measure
The Bond-Lader visual analogue scales (Bond and Lader, 1974) were employed to assess mood. The 16 visual analogue scales were combined as recommended by the authors to form three mood factors: "alert", "calm" and "content".
Sensory and Expectancy Variables
Likert scales were used to assess participants' ratings of pleasantness and strength of the drinks they consumed. The scales ranged from 1 to 5 with higher values indicating stronger ratings of the variables. At the end of the testing session participants were also asked 'what effect, if any, did you expect your drink to have on you?' and selected from 'relaxing', 'arousing' or 'no effect'.
Procedure
The study was approved by the Department of Psychology ethics committee at Northumbria University. Testing took place in a quiet cubicle in the Department of Psychology research hub. Participants were required to fast for two hours prior to taking part and refrain from consuming caffeine on the day up to the time of testing. Participants provided informed consent and were asked to complete a pre-testing mood scale. This was followed by the consumption of the drink determined by their condition. Participants were not told which condition they were in, but many recognised the taste of the teas, particularly in the Peppermint condition. Following consumption of the drink a twenty minute rest period allowed for absorption of active compounds. Participants then completed the CDR computerised test battery and the second mood scale, and the sensory and expectancy scales.
Finally participants were debriefed and any questions answered. Total participation time was approximately one hour.
Results
Cognition
Data from the CDR system were analysed using SPSS version 16. Independent groups Anovas were performed followed by Tukey pairwise comparisons where significant differences were identified by the omnibus test. See also Fig. 2 .
Quality of Memory
The Anova identified a significant difference between the three conditions F(2, 177) = 15.19, p < 0.05, 0.14. Tukey post hoc comparisons revealed that the Peppermint condition produced significantly higher scores (mean = 384.5) than both the Chamomile condition (mean = 359.6) and the control condition (mean = 370.3), p < 0.05 in each case. The difference between the Chamomile and control conditions approached but did not quite reach significance, p = 0.051.
Secondary Memory
The Anova identified a significant difference between the three conditions F(2, 177) = 11.862, p < 0.05, 0.11. Tukey post hoc comparisons revealed that the Peppermint condition produced significantly higher scores (mean = 203.6) than both the Chamomile condition (mean = 188.9) and the control condition (mean = 195.6), p < 0.05 in each case. The difference between the Chamomile and control conditions approached but did not reach significance, p = 0.072.
Working Memory
The Anova identified a significant difference between the three conditions F(2, 177) = 6.31, p < 0.05, 0.07. Tukey post hoc comparisons revealed that the Peppermint condition produced significantly higher scores (mean = 180.8) than the Chamomile condition (mean = 170.7) p < 0.05, but not the control condition (mean = 174.7). The Chamomile and control conditions did not differ.
Speed of Memory
The Anova identified a significant difference between the three conditions F(2, 177) = 9.73, p < 0.05, 0.09. Tukey post hoc comparisons revealed that the Peppermint condition produced significantly faster responses (mean = 3626 msec) than both the Chamomile condition (mean = 4131 msec) and the control condition (mean = 3982 msec), p < 0.05 in each case. The Chamomile and control conditions did not differ.
Accuracy of Attention
The Anova identified no significant difference between the three conditions F(2, 177) = 2.78, p > 0.05, 0.03.
Speed of Attention
The Anova identified a significant difference between the three conditions F(2, 177) = 5.51, p < 0.05, 0.06. Tukey post hoc comparisons revealed that the Peppermint condition produced significantly faster responses (mean = 1190 msec) than the Chamomile condition (mean = 1267 msec) p < 0.05, but not the control condition (mean = 1223 msec).
The Chamomile and control conditions did not differ.
Mood
Initial analyses revealed no differences between conditions at pre-test baseline for the three mood variables Alert, Content and Calm, F < 1 in each case. To analyse the mood data further the pretest ratings were subtracted from the post-test ratings to produce change scores for each of the three variables, such that positive values indicate an increase in that variable over the period of the testing session. See also Fig. 3 .
Alert
The Anova revealed a significant difference between conditions for the change in alertness, F(2,177) = 13.90, p < 0.05,_ 0.14. Tukey post hoc comparisons indicated that the Peppermint condition produced an increase in alertness (mean = 11.2) that was significantly greater than that for the control condition (mean = 3.8), which in turn was significantly different to an observed decline in alertness in the Chamomile condition (mean = -4.1), p < 0.05 in all cases.
Content
The Anova revealed no significant differences between the conditions for the change in contentedness scores, F(2, 177) = 0.951, p = 0.388, 0.01.
Calm
The Anova revealed a significant difference between conditions for the change in calmness, F(2,177) = 8.57, p < 0.05,_ 0.08. Tukey post hoc comparisons indicated that the Chamomile condition produced an increase in Calmness (mean = 5.7) that was significantly different to decreases observed in both the control condition (mean = -4.0), and the Peppermint condition (mean = -8.9) p < 0.05 in all cases.
Sensory and Expectancy Variables Pleasant
The Anova identified a significant difference between groups for the rating of the drinks' pleasantness F(2, 177) = 56.32, p < 0.05,__ 0.39. Tukey post hoc comparisons revealed that both the Peppermint (mean = 3.43) and the Chamomile (mean = 3.72) teas were rated as significantly more pleasant than the hot water (mean = 1.95).
Strong
The Anova identified a significant difference between groups for the rating of the drinks' strength F(2, 177) = 103.58, p < 0.05,, 0.54. Tukey post hoc comparisons revealed that the Peppermint tea (mean = 3.62) was rated as stronger than the Chamomile (mean = 2.97) which in turn was rated as stronger than the hot water (mean = 1.43).
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Expectancy
A Chi square test of independence indicated that the expected effect of the drink was dependent on which drink was consumed, X 2 (4) = 32.42, p < 0.05, with nearly all participants in the water condition selecting 'no effect'. Given the large impact of this on the analysis a comparison was made of the relative frequencies for just the two tea conditions, and this also proved to be significant, X 2 (4) = 6.99, p < 0.05. Comparison of the frequencies indicated that more participants in the Peppermint condition (N = 17) expected an arousing effect than did in the Chamomile condition (N = 6), and conversely more participants in the Chamomile condition (N = 16) expected a relaxing effect than did in the Peppermint condition (N = 10). It is worth noting that around sixty percent of the participants in these two conditions also indicated no expected effect of drinking the tea.
Correlations
Pearson correlations revealed no significant relationships between the mood measures and cognitive performance factors, p > 0.05 in all cases.
Discussion
The impact of the acute consumption of Chamomile and Peppermint teas on cognition and mood was largely in line with predictions made and based on the extant literature and historically recorded reputations of the two herbs. Peppermint improved both long term and working memory accuracy and speed compared to controls, whilst Chamomile had an impairing effect on memory that approached but did not quite reach statistical significance.
For the factors that assessed attention no effect was observed for accuracy, and a significant difference found for speed between the two tea conditions but not compared to controls.
With regard to the assessments of mood, Peppermint produced an increase in alertness whereas Chamomile led to a decrease; a pattern that was reversed for the calmness measure.
The observed effect sizes reported here are consistently small to medium for the cognitive performance factors, with condition explaining between three and fourteen percent of the variance, with the highest value being for the combined overall quality of memory factor. These are largely comparable to the effects reported previously for the beneficial impact of chronic peppermint consumption on a range of physiologic and performance measures during exercise (Meamarbashi and Rajabi, 2013a) . The authors attribute these effects to a number of possible mechanisms, two of which are particularly relevant here. Firstly is the increase in glucose metabolism observed following peppermint supplementation. Any such effect -should it occur in the brain -would potentially improve cognitive performance in a manner consistent with previous demonstrations of the impact of the acute administration of glucose (Owens and Benton, 1994) and oxygen (Moss and Scholey, 1996) the human body's fuels.
Indeed, the observed enhancements of memory accuracy and speed reported here reflect the aspects of cognition positively affected by acute administration of these 'fuels'.
Meamarbashi and Rajabi's second suggestion is based around the stimulating effect of Peppermint on the central nervous system which is also manifest subjectively and this might reduce perceived workload and so improve performance.
Were this to be the case a correlation between alertness and cognitive task scores would be expected to be observed. The clear lack of any such correlation here suggesting that a simple stimulation effect is not responsible for the observed cognitive enhancement.
Previous research has also investigated the effects of acute exposure to the aroma of Peppermint and Chamomile on cognition and mood. Specifically, the same computerised test battery has been employed in two studies involving one each of these aromas. Moss et al., (2008) administered the tests to healthy adults in a cubicle infused with the aroma of Peppermint essential oil and found that overall quality of memory was significantly improved compared to no aroma controls, and long term memory, working memory and speed of attention were all significantly better in the Peppermint condition when compared to the 'sedative' aroma of Ylang Ylang. Effect sizes were similar to those reported here. However, alertness was affected less than in the current study and the pre to post change did not differ between the Peppermint and control conditions to the extent that it did here. The lack of any correlations between mood and performance might be taken as supporting evidence that changes in subjective state are not at the root of enhancements in cognition -an argument made by Moss and colleagues.
The effects of Chamomile tea on the 'calm' mood dimension were predicted and match the herbs historical reputation as a mild sedative and limited evidence from scientific investigation (Zick et al., 2011) . The effect size was again moderate and reflects both an increase in calmness in the Chamomile condition combined with a decrease in the control and Peppermint conditions. This pattern is consistent with that observed by Moss et al., (2006) when investigating the effect of Chamomile aroma. Interestingly the impact on cognition is less consistent. Employing the same battery of tests, no significant differences were reported between the control and Chamomile conditions for the memory factors except in the 'expected sedation' condition where participants were provided with information suggesting that their performance would be likely to be impaired and not to worry about this as any effect would dissipate shortly after completion of the study. In contrast, and although expectancies were not manipulated in the current study, the quality of memory and secondary memory factor scores bordered on significant impairment compared to controls. Equally, Moss and colleagues reported a significant impairment for accuracy of attention in the Chamomile condition. Something that was not apparent in the current study's data. The exact reason for this inconsistency is not clear but may represent differences in the bioavailability of active compounds when administered orally compared to ambient aroma. Inhalation of active compounds is generally the 'cleanest' route of administration as anything absorbed is carried straight to the brain without any first pass metabolism in the gut or liver. However, it might be the case that some active compounds in Chamomile are not volatile to be absorbed by this route but are present in the tea infusion and may be absorbed via the gut leading to greater impact of the herb overall.
The subject of bioavailability brings us neatly to consider the mechanism(s) that may underpin the activity observed here and elsewhere for herbal extracts and aromas of essential oils. With all extracts of aromatic plants there exist significant and distinguishable characteristic aromas. Indeed it is this aspect that led to human interest in these plants in the first instance, and today metabolic engineering is undertaken to try and enhance the aromas of mass produced flora and food crops (Dudareva and Pichersky, 2008) . Given the potential importance of the nature of the aroma is it possible that some sensory property or qualia of the aroma itself might be responsible for the observed psychological effects? Certainly aromas have great strength in their ability to stimulate the recall of memories long since past, something often termed the 'Proust effect' after the writer who so eloquently described his experience. However, there is no evidence to be gleaned from the current study that the plant based aromas are responsible.
Although the teas do give off characteristic aromas it seems unlikely that the observed pattern of effects was a consequence of these rather than the consumption of the infusions. The extent of the aroma inhaled when sipping from a cup is likely too small to impart a significant effect. Research has shown that boiled water infusions of dried Peppermint leaf contain approximately 21% of the main volatile compounds found in the essential oil, but that the proportions of individual components are not consistently the same (Duband et al., 1991) . Active compounds identified in Peppermint include menthol, menthone, 1,8 -cineole and rosmarinic acid, the latter two of which have been shown to possess cholinergic agonist properties via the inhibition of acetylcholine esterase activity (Perry et al., 2003; Orhan et al., 2008) . Such a mechanism could underpin the cognitive effects observed here and elsewhere as acetylcholine is the fundamental memory neurotransmitter, whilst the dopaminergic influence of menthol and menthone might be independently reflected in the subjective ratings of alertness. Animal models demonstrate that these compounds increase movement (Umezu, 2009) an aspect of behaviour which has previously been measured in combination with or as a proxy for alertness in human studies (Ivancic et al., 1997) . The observation that subjective mood and objective performance do not correlate might at first sight be surprising but the possibility of independent pharmacological mechanisms underpinning the two aspects provides an intriguing explanation.
The major active compounds in Chamomile are β-farnesene, farnesol, chamazulene, and α-bisabolol and these are responsible for the antiinflammatory, antiseptic, antiplogistic, and spasmolytic properties ascribed to the plant (Singh et al., 2011) . However, more than 120 chemical constituents have been identified in chamomile flowers as secondary metabolites, including 28
Horizon e-Publishing Group ISSN: terpenoids, 36 flavonoids, and 52 additional compounds with potential pharmacological activity, and although studies have investigated the potential for anxiolytic (Amsterdam et al., 2009) , anti-stress and anti-depressant (Pinto et al., 2008) and sedative properties (Kesmati et al, 2008 ) the exact pharmacological mechanism has not been specified although Kesmati and colleagues provide evidence for the presence of benzodiazepine ligands in Chamomile extracts. A potential candidate for the impact on cognition is the flavonoid compound apigenin that has been shown to inhibit the major excitatory neurotransmitter glutamate in rat hippocampus (Chang et al., 2015) . Such an effect may be related to the observed slowing of memory and attention in the current study following Chamomile tea consumption. Furthermore, the data presented here that indicate no correlation between calmness and cognitive performance measures suggest the mild cognitive impairment effects are independent of the more robust sedative properties observed.
This would appear reasonable if the effects are differentially mediated.
In conclusion the results from the current study reinforce the reputation of aromatic herbs to have differential beneficial impacts on human behaviour.
Small benefits to cognition and increased alertness following consumption of peppermint tea, and the calming effect of Chamomile support data previously published. The diversity of plants constituents based on geography, climate and processing continue to provide challenges to research in this area, but the data continue to encourage further efforts to be made. Kennedy, D., Scholey, A., and Wesnes, K. 2001 
